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During latency of herpes simplex virus type 1 (HSV-1), the major viral transcript that is detected is the latency-associated transcript (LAT) 2-kb
intron. This intron is excised from a larger (∼10 kb) primary transcript. Infection of cells with HSV expressing LATs showed that their presence
increased accumulation of Hsp70 protein specifically during cold shock.
Transfections of cells with a plasmid, expressing the 2-kb LAT intron, showed increased translation compared to cells transfected with
plasmids deleted in regions of the intron. Cold shock of cells expressing the intron resulted in an up-regulation of Hsp70 protein, but not Hsp70
mRNA. Furthermore, these cells showed increased cell viability. Using plasmid deletion mutants in the LAT gene sequence, we have shown that
the effect requires full-length LAT intron. These findings show that a function of the stable 2-kb LAT intron is to protect cells from cold-induced
stress and that this may be mediated via Hsp70.
© 2006 Elsevier Inc. All rights reserved.Keywords: HSV-1; LAT; Heat shock proteinsIntroduction
Herpes simplex virus type 1 (HSV-1) is a neurotropic virus
capable of establishing latent infection in ganglionic sensory
neurons (Stevens, 1989; Wagner and Bloom, 1997). Reactiva-
tion of the latent virus can cause recurrent disease with
mucocutaneous lesions (called cold sores) at the peripheral sites
innervated by the latently infected ganglia. During latency, viral
transcription is restricted to a family of RNAs localized within
the long repeat segments of the viral genome, which are known
as the latency-associated transcripts (Fraser et al., 1992; Stevens
et al., 1987). The most abundant LAT is an approximately 2-kb
long intron (see Fig. 1) with a classic lariat structure (Farrell et
al., 1991; Wu et al., 1996) but a novel guanosine branch point
(Krummenacher et al., 1997; Zabolotny et al., 1997), which
makes it very stable (Thomas et al., 2002). The intron is found
exclusively in the nucleus during latency. LATs are also
expressed during acute infection and reactivation. However,⁎ Corresponding author. Fax: +1 215 898 3849.
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they are found in both the nucleus and cytoplasm. Although the
function of the LATs is not fully understood, it is clear that the
exon 1 region provides protection from apoptosis (Perng et al.,
2000, Inman et al., 2001; Ahmed et al., 2002). The function of
the intron is less well understood though it has been shown to
associate with ribosomes in the cytoplasm (Ahmed and Fraser,
2001).
When whole organisms, or cultured cells, are exposed to
various forms of stress, such as those that reactivate HSV,
they respond by synthesizing a group of highly conserved
proteins, the heat shock proteins (Hsps). Hsps have
molecular chaperone activity and are involved in various
aspects of protein biogenesis—such as stabilization of
unstable conformers of other proteins, transport of proteins
to a particular compartment, or control of the switch between
active/inactive protein conformation (Jakob and Buchner,
1994). The 70 kDa family of stress proteins is one of the
most conserved and extensively studied. Hsp70 is highly
inducible, and its synthesis is the most robust of the Hsps
(Velazquez et al., 1983)—which makes Hsp70 a diagnostic
marker for stress.
Fig. 1. Schematic representation of HSV-1 genome and plasmids used. (A) Linear map of the HSV-1 genome with unique long (UL) and unique short (US) region
flanked by inverted repeat (IR) elements. The LAT region is enlarged to show the different LAT transcripts that map to this area. (B) Schematic representation of the
plasmid deletion mutants used in this study. The pcDNAPst/Mlu plasmid encodes a wild-type intron. ΔXcm, ΔHpa, and ΔBfa are deletion mutants. Cons has a full-
length intron with a 3-bp mutation at its branch point.ΔCMV is essentially wild-type 2-kb LAT cloned into a pcDNA3 plasmid lacking the CMV promoter. (C) 0.9 kb
LAT intron probe. (D) Diagram of ΔPst virus.
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shock response in neuronal cells (Halford et al., 1996; Marquart
et al., 2001; Moriya et al., 1994; Sawtell and Thompson, 1992).
Hypothermia is another stimulus that leads to herpes virus
reactivation (Hill et al., 1997; Varnell et al., 1995), but, to our
knowledge, the issue of heat shock protein expression and
regulation mechanisms during cold shock has not been
addressed.
In this paper, we report that the 2-kb LAT from herpes
simplex virus type 1 up-regulates the expression of Hsp70. The
expression of the 2-kb LAT intron in transfected cells up-
regulates translation and affords protection from cold shock as
shown by a cytotoxicity assay. This function of the stable intron
may be used by the virus to increase the viability of the infected
cell during acute infection or reactivation, leading to increased
yield of progeny virus.Results
Cells infected with virus expressing the LAT gene accumulate
more Hsp70 protein during cold shock than cells infected with
HSV not expressing LATs
Previous results have suggested that the LAT may play a role
in the protection of sensory neurons during HSV-1 latency and
reactivation by an antiapoptotic mechanism (Ahmed et al., 2002;
Inman et al., 2001; Perng et al., 2000). The existence of other
mechanisms of protection, though suggested, has not been
elucidated (Thompson and Sawtell, 2001). In order to determine
whether the protection of neurons could be mediated through the
2-kb LAT intron enhancement of a cell stress response (via Hsp),
we undertook studies of the effect of the 2-kb LAT intron on the
cell stress response.
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virus deleted in the LAT promoter region (ΔPst; Fig. 1).
Twelve to fourteen hours post-infection, cells were incubated
at 37 °C, 4 °C, or 42 °C for 2 h, following which cell
lysates were made and the amount of protein determined as
described in the Materials and Methods. Five micrograms of
protein from the total cell lysates was examined by Western
blot with anti-Hsp70 antibodies. Three independent experi-
ments were performed, and Fig. 2 shows one of the blots. It
has previously been shown that at normal growth tempera-
tures (37 °C) herpes virus infection induces Hsp70
expression (Kennedy et al., 1990; Kobayashi et al., 1994;
La Thangue and Latchman, 1988). At equivalent protein
levels in wild-type and LAT deletion virus, there was very
little expression of Hsp70 in the absence of thermal stress in
mock-infected cells (Fig. 2A). However, there was a
differential accumulation of Hsp70 between wild-type and
LAT deletion virus at 4 °C. Cells that were infected with
wild-type virus (17+) had the highest amount of Hsp70 (Fig.
2A), whereas a mutant virus that lacked the 2-kb intron
showed only a modest increase compared to mock at 4 °C.
In comparison, no differences in the levels of Hsp70 were
observed at 42 °C. Control Western blots with a cell
(GAPDH) and a viral protein antibody (VP16) showed that
equivalent protein levels were loaded from each cell extract
(Figs. 2B, C). These results suggest that the presence of the
2-kb LAT intron in HSV-1 induces Hsp70 accumulation
specifically during 4 °C cold shock.
Cells transfected with full-length LAT intron have higher
protein levels during cold shock
The previous experiment suggested that the 2-kb LAT intron
can mediate the cold shock response. In order to determine
which part of the LAT mediates this response, we have taken theFig. 2. Hsp70 expression in SY5Y cells infected with HSV-1 virus during
thermal stress. SY5Y cells were infected with wild-type (17+), 2-kb LAT intron
mutant (ΔPst), and rescue virus (ΔPstR). 12–14 h post-infection, cells were
incubated for 2 h at 42 °C (heat shock) or 4 °C (cold shock). The membranes
were consecutively probed with anti-Hsp70 (A), GAPDH (B) and VP16 (C)
antibodies.LAT gene out of its viral context. We have transfected SY5Y
cells with plasmids expressing LAT exon 1, intron, and part of
exon 2 (pcDNAPst/Mlu), LAT deletion mutants, and vector
containing no LATsequence (pcDNA3). Of these mutants, three
constructs had deletions in the intron loop and expressed a
truncated stable intron (ΔXcm,ΔHpa, andΔBfa) and one was a
substitution mutant in the branch point in which the intron was
not stable (pCons) and thus did not accumulate in transfected
cells (Krummenacher et al., 1997; Mukerjee et al., 2004). These
plasmid constructs are mapped in Fig. 1. Forty-six hours post-
transfection, cells were starved in methionine-free media (1 h),
labeled with 35S-methionine, and cold-shocked for 2 h, as
described in Materials and methods. The SDS-PAGE gels were
either stained with Coomasie Blue to confirm equal protein
loading (Fig. 3B) or dried and exposed using a PhosphoImager
(Fig. 3A). More proteins were made in the 2-kb LAT-transfected
cells (Fig. 3A, lane 3) compared to mock (lane 2) or LAT
deletion mutants (lanes 4–8). Quantification of translational
levels by ImageQuant software shows a four-fold increase in
LAT-transfected cells compared to mock cells at 4 °C (Fig. 3C).
Interestingly, only full-length LAT-plasmid-transfected cells
showed an increase in protein levels while the deletion mutants
(Fig. 3A, lanes 4–6) and the unstable intron (lane 7) express
levels similar to mock (lane 2) or a promoterless construct (lanes
8). Thus, we conclude that the presence of full-length 2-kb LAT
intron is required to increase translational levels during cold
shock.
Only full-length 2-kb LAT intron protects cells from cold shock
To determine whether the increase in translation seen in
cells transfected by full-length LAT intron affected the
viability of the transfected cells, we performed a lactate
dehydrogenase (LDH) release assay. Measurements of
cytotoxicity (performed as described in Materials and
methods) showed that cells expressing full-length intron are
better protected during cold shock (Fig. 3D) compared to
cells expressing mock or LAT deletion plasmids. Thus, we
conclude that only full-length 2-kb LAT intron protects the
cells during cold shock.
The lower cytotoxicity levels observed in LAT-transfected
cells (Fig. 3D) correlate with higher translational levels (Fig.
3C). To determine whether this difference in protein levels
between mock- and LAT-transfected cells was maintained
when the cells were returned to normal growth conditions,
SY5Y cells were transfected with pcDNAPst/Mlu or empty
vector (pcDNA3). Forty-six hours post-transfection, cells
were cold-shocked for 2 h as described, allowed to recover
at 37 °C, and labeled with 35S during recovery for the
indicated times. At the end of recovery, cells were harvested.
The lysates were run on a SDS-PAGE gel and exposed to
PhosphoImager (Fig. 4A). Fig. 4B confirms equal loading by
Coomasie staining. There was no significant difference
between mock- and LAT-transfected cells after 1 h of
recovery (see Fig. 4A). However, by 5 h, there was a four-
fold increase in the protein levels in 2-kb LAT intron
containing cells (Fig. 4A; pcDNAPst/Mlu 5 h compared to
Fig. 3. Metabolic labeling of cold-shocked cells transfected with wild-type and deletion mutants of the 2-kb LAT intron. (A) SY5Y cells were transfected with full-
length LAT (lane 3), plasmid deletion mutants (lanes 4–8), or pcDNA3 (lane 2; lane 1—NEB broad range protein marker). 46 h post-transfection, cells were
transferred to Met-free medium (1 h) and then cold-shocked and labeled with 35S (2 h). Following PAG electrophoresis, the protein gel was dried and exposed to a
PhosphoImager or stained with Coomasie (B). Total translational levels (C) were measured by quantifying lanes 2–8 using ImageQuant software and plotted as percent
counts. After transfection and cold shock, cytotoxic levels were measured. Levels of LDH released in the media were plotted as percent cytotoxicity (D).
29D. Atanasiu et al. / Virology 350 (2006) 26–33pcDNA3 5 h). We concluded that the presence of the 2-kb
intron allows the cells to recover faster after stress compared
to similarly treated mock-transfected cells.
The presence of the 2-kb LAT intron in transfected cells induces
Hsp70 protein accumulation
In order to determine if 2-kb LAT intron specifically
stimulates accumulation of Hsp70, we have compared the
levels of two of the large Hsps, Hsp70 (the major heat shock
protein expressed during various forms of stress) and Hsp86 (a
member of the Hsp90 family), in transfected cells. Western blots
using anti-Hsp70 antibody showed an increase in the levels of
Hsp70 protein at 4 °C in cells containing the 2-kb LAT (Fig. 5a)
compared to mock cells. However, the Hsp70 protein levels didFig. 4. Translation in cells during recovery from cold-shocked. SY5Y cells were tra
hours post-transfection, cells were cold-shocked for 2 h. At the end of the cold shock
recovery time, cells were metabolically labeled with 50 μCi/ml 35S. At 1, 2, and 5 h
PAGE gels. One gel was dried and exposed to PhosphoImager (A) and the other stanot change significantly at 37 °C (untreated) or 42 °C (heat
shock) suggesting a role of the LAT intron in cold shock
regulation only. These results obtained with cells transfected
with 2-kb LAT intron expressing plasmids mimic the results
obtained with viral infection (Fig. 2) supporting the hypothesis
that the LAT intron is responsible for the accumulation of Hsp70
in virally infected cells. Western blots with Hsp86 and GAPDH
antibodies show steady protein levels at the temperatures tested
(42 °C, 4 °C, and 37 °C; Figs. 5B, C, D), thus the effect of the
LAT intron is not on all Hsps.
The measurement of LDH release in cells exposed to
various temperatures paralleled the Western data with an
increase in Hsp70 corresponding to a decrease in cytotoxicity
only for cold-shocked cells (Fig. 5D). Transfected cells (mock
and 2-kb LAT intron) exposed to heat shock showed similarnsfected with pcDNA3 (mock) or pcDNAPst/Mlu (full-length intron). Forty-six
treatment, cells were allowed to recover for 0, 1, 3, and 5 h at 37 °C. During the
recovery, cells were harvested, lysed, and the proteins separated on 10% SDS-
ined with Coomasie (B), as a loading control.
Fig. 5. The presence of the 2-kb LAT intron induces overexpression of Hsp70 during cold shock. Lysates from cells transfected with pcDNA3 (mock) or pcDNAPst/
Mlu (Pst) were cold-shocked (4 °C) or heat shocked (42 °C) and subjected to Western blotting with anti-Hsp70 (A), Hsp86 (B), or GAPDH (C) antibodies. The
cytotoxicity of cold shock was measured as the release of LDH in the media (D). For quantitative analysis of Hsp expression, Western blot band intensities were
determined with Multi-Gauge software. Values were normalized to GAPDH levels (E, Ff).
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with LAT intron had less cytotoxicity during cold shock
(20%). Again, this confirms that the LAT intron effect is
specific for Hsp70.
During cold shock the 2-kb LAT intron does not up-regulate
hsp70 transcription
In order to determine if the 2-kb LAT mediates its effect on
Hsp70 at a transcriptional level, we performed quantitative RT-
PCR. For this purpose, we measured the mRNA levels of heat
shock 70 and 86 genes in mock- and 2-kb LAT-transfected cells.
After transfection, cells were cold-shocked for 2 h or maintained
at 37 °C (untreated samples). RNA was extracted and reverse
transcription performed as described in Materials and methods.
After normalization to GAPDH and the corresponding
untreated sample, the relative CT values were plotted. The
results show that no change in the mRNAs levels occurred
during cold shock, compared to mock samples for hsp70 (P
value 0.859; Student's t test) and hsp86 (P value 0.075;
Student's t test) mRNA (Fig. 6).Fig. 6. Q-RT-PCR analysis of Hsp transcripts in the presence of 2 kb LAT
following cold shock. After transfection, cells were exposed to cold stress for 2 h
and total RNA isolated. RNA levels of hsp70 and hsp86 were analyzed using
real-time PCR. Data presented were compared first to GAPDH levels and then to
no heat shock samples to represent relative changes in RNA levels affected by
heat shock in the presence or absence of LAT.These data suggested that the mechanism of action of the
LAT intron is not at the transcriptional level.
Discussion
Environmental and physiological stress can lead to cell
death, thus all organisms have developed protective mechan-
isms. One of these mechanisms is to rescue cells through the
induction of stress response proteins, the heat shock chaperones.
Because the 2-kb LAT intron has previously been shown to
interact with ribosomes when it is in the cytoplasm (Mayer,
2004; Tatar et al., 1997), we suspected that it may modify
translation in infected cells. Our data (Fig. 3) support a role in
translation in response to cold stress in infected cells.
We have examined the effect of 2-kb LAT intron on the stress
response in HSV-1-infected and transfected cells (Figs. 2, 3).
Fig. 3A clearly documents the need for full-length intron for an
increase in translation in transfected, cold-shocked cells. We
have used three LAT deletion mutant plasmids (express a
smaller but stable intron) and a plasmid that contains a
substitution in the branch point of the intron (the intron is
unstable). All these plasmids show no difference in cell
translation compared to mock-transfected cells.
In order to determine if the increased translation under cold
shock conditions was beneficial to the cell, we performed
cytotoxicity assays. The protective effect showed by the 2-kb
LAT is clearly seen (Figs. 3D, 5D). This effect appears to
correspond to an overexpression of Hsp70 (Figs. 5A, E), and we
postulate that the presence of the 2-kb LAT intron protects the
cell against stress by stimulating the accumulation of Hsp70.
Expression of cells encoding Hsps has been detected in a
variety of cell populations within the nervous system including
neurons, glia, and endothelial cells (Foster and Brown, 1997).
Hsp70 overexpression has been shown to protect cultured
hippocampal neurons from severe heat shock (Fink et al., 1997).
In our study, higher amounts of Hsp70 in 2-kb LAT-transfected
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transcription/translation resumes earlier than in mock-trans-
fected cells (Fig. 3a).
The increased expression of Hsp70 protein in tissue is
associated with mRNA levels that do not significantly change
during cold stress (Fig. 6) which is a common feature for this
form of stress (Airaksinen et al., 2003; Place et al., 2004). Thus,
the effect of the 2-kb LAT intron probably occurs at the
translational level or at the level of heat shock elements and/or
heat shock factors. Heat shock messages appear in the
cytoplasm within few minutes of temperature change and are
immediately translated with a very high efficiency (Lindquist,
1986). It has been shown that, during stress, Hsps are
synthesized exclusively until a specific quantity of protein has
accumulated and then the translation of pre-existing messages is
restored (DiDomenico et al., 1982). During HSV infection, the
2-kb LAT intron may act to stabilize polysomes under stress and
thus be responsible for the higher translation in LAT-transfected
cells. Such conditions may occur early during reactivation from
latency.
It is believed that the accumulation of damaged proteins
induced by oxidative stress (Sohal and Weindruch, 1996) or
pathogenic RNAs (Jin et al., 2003) is one of the major causes of
senescence. Thus, molecular chaperones suppress the accumu-
lation of these damaged proteins, contributing to the delay of
senescence and an increased life span. A moderate over-
expression of molecular chaperones has been shown to result in
an extended life span in nematoda and the fruit fly. An extension
of the life of the cell in which virus is reactivating would
increase the potential for a successful recrudescence at the
periphery. Whether it is cold stress or some element in the cold
stress pathway that the LAT intron can counter is not clear.
However, it is clear that cold stress is not present during an HSV
reactivation—though it may be encountered during most lytic
infections, and recrudescence, at the body surface.
Hsp70 systems are potentially involved in all phases of the
viral life cycle including cell entry, virion disassembly, the
transfer of viral genome into the nucleus, replication of the viral
genome, morphogenesis of the virion particles, and transfor-
mation of the cell (Mayer, 2004). We believe that the effect the
intron has during cold shock is due to its ability to stimulate cell
pathways designed to keep the cell viable during stress. HSV
infection up-regulates heat shock protein expression through a
number of mechanisms (Kennedy et al., 1990; Kobayashi et al.,
1994; La Thangue and Latchman, 1988). It is possible that the
2-kb LAT intron acts as a signal for cell stress response during
virus reactivation by overexpressing heat shock proteins. The
protective effect exerted by Hsps in the nervous system,
especially by Hsp70, is very well known (Ohtsuka and Suzuki,
2000; Yenari et al., 1999). Transgenic mice expressing Hsp70
have shown resistance of hippocampal neurons to ischemic
injuries (Plumier et al., 1997).
During HSV infection of Vero cells, UL46 and VP16
tegument proteins and the major capsid protein VP5 accumulate
in domains (aggresome-like structures) localized to the
microtubule organizing center and contains cellular proteins
including Hsp40 and Hsp70 (Nozawaa et al., 2004). Thesedomains are required but not essential for viral replication in
vitro (Nozawaa et al., 2004). Recruitment of cellular chaperones
and viral proteins to aggresome-like structures may facilitate
virus assembly. In the case of polyoma virus, in vitro assembly
of the capsid requires Hsp70 and Hsp40 (Chromy et al., 2003),
and it has been shown that Hsp70 interacts directly with VP1
capsid protein (Cripe et al., 1995). The use of chaperones by
viruses is not surprising, given the requirements for virion
quality. An overexpression of Hsp70 by the 2-kb LAT intron
would ensure a pool of chaperone proteins that would increase
the efficiency of capsids assembly during reactivation.
We conclude that the 2-kb LAT intron from HSV-1 regulates
Hsp expression at the translational level during cold shock. The
presence of higher Hsp70 levels in cold-shocked cells contain-
ing the HSV 2-kb LAT intron results in increased survival of
cells. The mechanism by which the HSV 2-kb LAT intron is
involved in Hsps expression remains to be elucidated. We favor
the hypothesis of a ribosome–intron–mRNAs interaction
mechanism based on the known association of the intron with
ribosomes (Ahmed and Fraser, 2001).
Materials and methods
Cell lines, plasmids, and viruses
SY5Y (human neuroblastoma cells) were grown in RPMI
medium supplemented with 10% fetal calf serum. For
transfections, we used plasmids that encompass the full-length
2-kb LAT (Zabolotny et al., 1997) as well as deletion mutants,
which were described previously (see Fig. 1): ΔXmc, ΔHpa,
ΔBfa (Krummenacher et al., 1997), ΔCMV (Zabolotny et al.,
1997), and pCons (Thomas et al., 2002). For infection
experiments, HSV-1-based viruses were used (see Fig. 1 for
map). SY5Y cells were infected at an m.o.i. of 5 and harvested
16 h post-infection.
Transfections
SY5Y cells were transfected using Lipofectamine 2000
(Invitrogen) according to the manufacturer. Cells were
harvested 48 h from the start of transfection. All plasmids
were co-transfected with pGFP plasmid which encodes a green
fluorescent protein. Based on the number of fluorescent cells, it
was estimated that 30–50% of cells were transfected.
Heat shock protein induction
Forty-six hours post-transfection, plates were parafilm-
sealed and incubated at 42 °C (heat shock) or 4 °C (cold
shock) for 2 h. Untreated cells were maintained at 37 °C in
RPMI media. For infected cells, the stress was applied 12–14 h
post-infection.
Cytotoxicity assay
Measurements were performed using CytoTox96 Non-
radioactive Cytotoxicity assay (Promega). After the cells were
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dehydrogenase (LDH) release was measured by incubating
50 μl of supernatant sample with 50 μl of substrate mix for
30 min, reaction stopped with acetic acid solution, and the
absorbance measured at 495 nm. The ratios of treated cells
relative to the control cells were calculated from three
independent experiments and expressed as percentage of LDH
release.
Preparation of 32P labeled probes
The intron probe was a 1-kb BstEII–BstEII fragment
generated from the pcDNAPst/Mlu plasmid (Zabolotny et al.,
1997). The 0.9-kb 28S rDNA probe was produced by digesting
pGEM-28S (Ahmed and Fraser, 2001) with BamHI and BglII.
The DNA probes were generated with 32P label using RadPrime
Labelling System (Invitrogen) according to the manufacturer.
Metabolic cell labeling
Samples were labeled in vitro using 35S-methionine
(Amersham). Briefly, 46 h post-transfection, cells were starved
in methionine-free media (Gibco) for 1 h and then labeled with
50 μCi of 35S-methionine per ml of media for 2 h at 37 °C
(untreated samples) or 4 °C (treated samples). Cells were
washed twice with 1× PBS, harvested, and lysed on ice with
lysis buffer (50 mM Tris pH 7.5, 150 mM NaCl, 1% NP40,
0.5% sodium deoxycholate). A cocktail of protease inhibitors
(Complete Cocktail-Roche) was present at all times. The
concentration of lysates was estimated with a BioRad Protein
Assay kit.
Western blot and antibodies
After stress treatment, cells were lysed with lysis buffer. 5–
50 μg of protein from at least three different experiments was
loaded onto a 10% SDS-PAGE gel, transferred to a PVDF
membrane (Pierce) and probed with antibodies against Hsp70,
Hsp86 (LabVision), and VP16 (Sigma) according to recom-
mendations of the manufacturer. Anti-GAPDH (Chemicon)
antibody was used to determine the equal loading of the
proteins. The signals were detected with ECL Plus Western
blotting detection system (Amersham Biosciences).
Data analysis
Radioactive membranes were exposed to phosphor screens
(Molecular Dynamics) and were developed with a Storm
PhosphoImager (Molecular Dynamics). The data were analyzed
using ImageQuant software. Chemiluminescent membranes
were viewed with a FujiFilm processor.
Quantitative real-time PCR and primers
RNA was isolated from SY5Y cells transfected with the
LAT-gene- or mock-transfected cells using the Absolutely RNA
kit (Stratagene). cDNA for quantitative real-time PCR (Q-PCR)analysis was made using random and oligo dT primers. An
ABI7700 machine with Sequence Detection software was used
for the Q-PCR analysis (Applied Biosystems). Sequences for
the heat shock genes and heat shock factors primers were
obtained from Clontech. SYBR green reagents (Applied
Biosystems) were used to test for double-stranded DNA
products resulting from the PCR reactions and dissociation
curve analysis tested the specificity of these PCR products.
Standard PCR conditions for cycling and dissociation curve
analysis as well as data analysis using the comparative CT
method of quantitation were used as recommended by the
manufacturer. The comparative quantities obtained for each
sample were derived from comparison to GAPDH levels in each
RNA sample and no heat-shocked controls. Each sample was
done in triplicate, and standard deviations are presented.
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